. The Brassington Formation is 30 predominantly a succession of sands, gravels and clays found in c. 60 karstic cavities distributed in 31 three distinct clusters in the southern part of the Lower Carboniferous Peak Limestone Group 32 outcrop of the Peak District (Fig. 1) . The larger cavities were extensively quarried for silica sand 33 brickmaking (Yorke 1954; 1961) . The Brassington Formation is considered to have formed from a 34 continuous, extensive sheet of alluvial/fluvial/lacustrine sediment which blanketed much of the East 35
Midlands during the Neogene (Walsh et al. 1980 , fig. 15 ). Boulter & Chaloner (1970) , Boulter 36 (1971a; and Walsh et al. (1996) assigned the Brassington Formation to the Late Miocene -Early 37
Pliocene based on palaeobotany. This age assessment was recently refined to Late Miocene (late 38 Tortonian) based on palynostratigraphy (Pound et al. 2012a ). The formation is located close to the 39 anticlinal crest of the Pennine Hills, and hence the age of the Brassington Formation has been used 40 to estimate uplift rates (Westaway 2009; 2012; Banks et al. 2012 ). This paper provides new 41 palynological data from the two principal outcrops in both main Brassington Formation clusters 42 which helps elucidate both the age, lithostratigraphy and palaeoenvironment of this important unit, 43 and the geomorphology of the English Midlands. 44
45

Geological background and setting 46
The Brassington Formation is, by a considerable margin, the most important Miocene 47 lithostratigraphical unit throughout onshore UK. It is up to 70 m in thickness, and found in steep-48 sided karst solution cavities in Derbyshire and Staffordshire (Fig. 1) . It outcrops in a narrow, c. 20 km 49 long NW-SW zone of the Peak Limestone Group massif (Ford & King 1969) . This zone can be divided 50 into three clusters of cavities. These are the Friden cluster in the north, the central Brassington 51
cluster and the sourthernmost Weaver Hills cluster. The latter is in less extensively dolomitised 52 limestone, whereas the former two clusters are largely in highly porous, intensely dolomitised 53 limestone (Fig. 1 ). These infills of collapse heterolithic siliciclastic material exhibit different 54
architectures, but are largely synclinal (Ijtaba 1973) . The formation was formalised by Boulter et al. 55 (1971) , who erected three members; these are the Kirkham, Bees Nest and Kenslow members in 56 ascending stratigraphical order. Each member is named for the pit within which they were best 57 exposed, but the section at Bees Nest pit was designated the type section and all other occurrences 58 of the Brassington Formation were correlated based on lithostratigraphical characteristics (Boulter 59 et al., 1971 ). The lowermost Kirkham Member is a thick (c. 55 m) succession of white and red The palynological results are presented herein in Table 2 known living relative or because they show differences between the samples (Fig. 4) . However, all 136 taxa are listed in Table 2 along with their proposed nearest living relative (where available). The 137 palynoflora from the grey lignitic Kenslow Member clay at Bees Nest Pit (KM-1) is dominated by 138 gymnosperm taxa (86.2%), with angiosperms and spores being minor components of the assemblage 139 (6.6% and 0.8% respectively); 6.4% of pollen grains proved indeterminate (Fig. 4) . Both the acid (KM-140 1a) and non-acid processing technique (KM-1b) yielded the same palynoflora from Bees Nest Pit, and 141 as such the pollen assemblage will be described here as a single assemblage (KM-1) (Fig. 4) . Pinus 142 dominates the flora (38.6%) with Picea (13.2%), Sciadopitys (10.4%) and Tsuga (9.9%) (Fig. 5A) all 143 being major components of the palynomorph assemblage (Fig. 4) . Other gymnosperm pollen 144 recorded includes Cupressaceae (4.7%), Cathaya (4.1%) (Fig. 5B) , Cedrus (4.3%) and Keteleeria (0.9%) 145 (Fig. 4) . The most abundant angiosperm pollen in the grey lignitic clay is of Ilex type (Ilexpollenites 146 iliacus) (2.1%), Carya (1.6%) and Quercus type (Quercoidites microhenrici (Fig. 5C) ) (Fig. 4) . Other 147 angiosperm pollen present include Alnus, Betula, Ericaceae (both Ericipites baculatus and Ericipites 148 callidus are present), Poaceae and cf. Rhamnus in low percentages (<1%) (Fig. 4) . A single poorly 149 preserved polycolpate pollen grain with microreticulate texture could represent a member of the 150
Rubiaceae, but we cannot rule out other families that contain pollen with these characteristics and 151 so we have listed it as cf. Rubiaceae (Fig. 5D ). Spores are rare in the grey lignitic clay with the most 152 abundant (0.5%) being those of the Lygodiaceae (Leiotriletes wolffii). Single specimens of 153 are Ericaceae (25.2%), Pinus (20.4%), Tsuga (9.3%) and Picea (7.1%) (Fig. 4) . The Ericaceae are 159
represented by Ericipites ericius, Ericipites costatus, Ericaceae indeterminate (3.3%) and Ericipites 160 baculatus (3.0%) (Fig. 4) . The gymnosperms are also represented by pollen of Cupressaceae (4.5%), 161
Cedrus (3.8%), Cathaya (2.8%), Keteleeria (1.3%) and Sciadopitys (1.0%) (Fig. 4) . Angiosperm pollen, 162 other than Ericaceae, are more diverse in KM-2 than in KM-1, but do not occur in high proportions 163 (Fig. 4) (Fig.  166 5F), Symplocospollenites rotundus and Ulmus all occur as less than 1% of the assemblage (Fig. 4) . 167
Spores of Bryophytes, Lycopodiophytes and Pteridophytes are also more diverse KM-2 than in KM-1 168 (Fig. 4) . Triplanosporites sinuous (4.3%) is the most common, followed by spores of Sphagnum 169 (1.5%), Leiotriletes wolffi (1.3%) and Lycopodium (<1%) (Fig. 4) . 170
171
Palaeoclimate 172
The vegetation from KM-1 represents a subtropical, seasonally wet climate with a MAT of 17-18.4 °C 173 (Fig. 6) .The WMMT was reconstructed as 26.5-28.3°C, and the CMMT as 6.2-12.5 °C (Fig. 6) . Using 174 the co-existence approach, the MAP of the flora from KM-1 was reconstructed as 1146-1322 mm yr -175 1 (Fig. 6) . Precipitation was not evenly distributed throughout the year; MPwet was 225-293 mm, 176
MPdry was 8-32 mm and MPwarm was reconstructed as being close to the MPwet 175-217 mm 177 (Fig. 6) . The palynoflora from KM-2 also represents a subtropical, seasonally wet climate with a MAT 178 of 17-18.4°C (Fig. 6 ). The reconstructed WMMT was 26.5-28.3°C and the CMMT was 6.2-6.7 °C (Fig.  179   6 ). MAP was 1096-1562 mm yr -1 with a pronounced seasonality; the MPwet was 216-293 mm and 180
MPdry was 7-41 mm. The warmest month was neither the driest nor the wettest month because 181
MPwarm was 173-175 mm (Fig. 6) . The KM-1 palynomorph assemblage, from the Kenslow Member at Bees Nest Pit is dominated by 195 conifers, with low proportions of angiosperms and ferns (Fig. 4) . Pinus dominates the assemblage, 196 but this genus is commonly over-represented in palynomorph assemblages, whereas other 197 gymnosperm taxa may be under-represented (Webb & McAndrews, 1976; Pound et al., 2015) . 198
Sciadopitys comprises 10.4% of the assemblage and today is represented by a single species. This is 199
Sciadopitys verticillata which inhabits temperate regions of Japan between the altitudes of 300 and 200 1500 m, although its natural range has been greatly modified by anthropogenic activity (Tsukada, 201 1963 The Kenslow Member sediment which yielded the Bees Nest Pit pollen assemblage also contains 206 large fragments of wood up to 1 m long (Fig. 3) . This wood has previously been identified as Sequoia 207 by Yorke (1954) , and reassessed as Cryptomeria anglica by Boulter (1969) , Boulter & Chaloner (1970) 208 and Boulter (1971a) . Pollen identified and counted as Cupressaceae in this study includes pollen that 209 is attributable to Cryptomeria type as well as Cupressus-Juniperus types, which is comparable to the 210 findings of Boulter (1971a) . Today this genus is monotypic and inhabits humid warm-temperate to 211 cool-temperate areas of China and Japan (Tsukada, 1982) . At the southern limit of its distribution on 212 Yakushima Island, Japan (30.5°N, 130.5°E), Cryptomeria japonica co-dominates forests with Tsuga 213 sieboldii and Abies firma from altitudes of 800 to 1800 m, in a subtropical humid climate (Suzuki and 214 Tsukahara, 1987) . A subtropical humid climate is also reconstructed from the Co-existence Approach 215 results (Fig. 6) . A MAT of 17-18.4°C, with mild winters of >6.2°C and hot summers of 26.5-28.3°C 216 (Fig. 6 ) is envisaged. Precipitation was high, but seasonally distributed with the wettest month 217 receiving 225-293 mm, and the driest month as little as 8 mm (Fig. 6 ). As the reconstructed range 218 for the warmest month is 175-217 mm, it may be that the wettest period was late spring to early (Suzuki & Tsukahara, 1987) . A subtropical forest environment is supported by the dominant 221 angiosperms in the assemblage such as Carya, Ericaceae, Ilex and evergreen Quercus ( Fig. 4 ; Table  222 2). These are typical indicators of the Miocene mesothermic forests. The dominance of conifer 223 pollen and wood in the Kenslow Member of Bees Nest Pit indicates that a warm-temperate, 224 predominantly needleleaf, forest was growing in Britain during the time of deposition. 225
The KM-2 palynomorph assemblage contains a high proportion of Ericaceae grains (Fig. 4) from is Cryptomeria anglica, thereby demonstrating that these trees were members of the forest 243 community that surrounded the depositional setting. This similarity with the Bees Nest Pit is also 244 seen in the diversity of gymnosperm taxa, and the high proportion of Pinus sp. and Tsuga sp. (Fig. 4 ; 245 Table 2 ). Climatically, the Co-existence Approach reconstruction shows that only the warmest month 246 precipitation was likely to have been different from that reconstructed by the Bees Nest Pit pollen 247 assemblage (Fig. 6) . However, the high angiosperm proportions and the spore content (Fig. 5) The entire flora from KM-2 reconstructs a warm-temperate mixed forest with an extensive 255 understory component (Fig. 4) . 256
Palynostratigraphy 258
The age of the uppermost Kenslow Member of the Brassington Formation was originally defined as 259
Late Miocene-Early Pliocene, based on the pollen floras from the plant-bearing grey clay at Bees 260 Nest and Kenslow Top pits (Fig. 7) , which were correlated on lithostratigraphical characters even 261 though the pollen floras were noted as not being completely comparable (Boulter, 1971a; 1971b (Fig. 4) 
The key pollen taxa used to date the KM-3 flora of Pound et al. (2012a) are present in the KM-2 294 sample from the Kenslow Top Pit wood fragment ( Fig. 3 ; Table 1 ; 2), and therefore this sample can 295 also be attributed to the Late Miocene (Fig. 7) . (2012a) are difficult to attribute to geographical differences, because the two samples come from 304 the same karstic depression, and are only c. 200 m from each other (Fig. 2) . Therefore the 305 proportional differences (Fig. 4; Table 2 ) are likely to stem from some temporal difference. proven to be stratigraphically important (Fig. 7) . The pollen and spore assemblages of the Kenslow 312
Member therefore suggest variable deposition times between the lithologically comparable fossil 313 wood-bearing grey clays (Kenslow Member of Bees Nest Pit (KM-1) and the Kenslow Member of 314 Kenslow Top Pit (KM-2)) and the stratigraphically higher mottled clay (KM-3) described by Pound et 315 al. (2012a) ( Fig. 7;8) . 316 
Multiple Miocene ages for the Kenslow Member 383
Based on the palynostratigraphy of the Kenslow Member samples from Bees Nest Pit (KM-1) and the 384 wood fragment from Kenslow Top Pit (KM-2), the Kenslow Member was deposited diachronouosly 385 ( Fig. 7; 8) . Tables and figures  688 Grid 
